Dibutyryl cyclic AMP decreases glutamine synthetase in cultured 3T3-L1 adipocytes.
Glutamine synthetase specific activity increases greater than 100-fold during the insulin-mediated differentiation of confluent 3T3-L1 cells into adipocytes. Incubation of the adipocytes for 22 h with 0.5 mM dibutyryl cyclic AMP plus 0.5 mM theophylline, 0.2 mM 8-bromo-cyclic AMP, 10 micro M epinephrine, or 1 microgram of alpha 1-24 adrenocorticotropic hormone/ml decreased glutamine synthetase by greater than 60%. During the same incubation period, there was no effect of these compounds on protein or on the specific activities of glucose-6-P dehydrogenase or hexokinase. In the presence of 0.5 mM theophylline, the dibutyryl cyclic AMP-mediated decrease in glutamine synthetase activity was half-maximal at 50 micro M dibutyryl cyclic AMP. Furthermore, between 10 micro M and 5 mM dibutyryl cyclic AMP, the dibutyryl cyclic AMP-mediated decrease in glutamine synthetase was similar in the absence or presence of 1 microgram of insulin/ml. Immunotitration of glutamine synthetase activity from 3T3 adipocytes indicates that the dibutyryl cyclic AMP-mediated decrease in the activity is due to a decrease in the cellular content of glutamine synthetase molecules. We studied the effects of dibutyryl cyclic AMP on the synthesis and degradation of glutamine synthetase. Synthesis rate was estimated from the incorporation of L-[35S]methionine into glutamine synthetase during a 60-min incubation period. Degradation rate was estimated from the first order disappearance of radioactivity from glutamine synthetase in 3T3 adipocytes previously incubated with L-[35S]methionine. Glutamine synthetase was isolated by immunoprecipitation followed by polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate. Incubation of 3T3 adipocytes with dibutyrl cyclic AMP resulted in a rapid decline in the apparent synthesis rate of glutamine synthetase. In addition, dibutyryl cyclic AMP treatment increased the initial rate of glutamine synthetase degradation. The half-life of glutamine synthetase was 24.5 h in control cultures and 16 h in dibutyryl cyclic AMP-treated cultures. In contrast, dibutyryl cyclic AMP had little effect on the synthesis or degradation of soluble protein. Our data indicate that the dibutyryl cyclic AMP-mediated decrease in 3T3 adipocyte glutamine synthetase activity results from a decrease in the synthesis rate and an increase in the initial degradation rate of the enzyme.